I. Introduction
Multinational hydrocarbon exploration companies may experience poor reservoir performance within few years of production due to inadequate reservoir properties description. The success of any hydrocarbon exploration program depends on the building of a reliable reservoir model.
The delineation of petrophysical properties of hydrocarbon-bearing reservoirs in the Niger Delta has been conducted by several researchers (Egbai and . Several parameters describing the characteristics of these reservoirs have been investigated. Among these, lithology, depositional environment, shale volume, porosity, permeability, Formation resistivity, water and hydrocarbon saturations received the most attention. The evaluation of reservoir rocks in terms of porosity, water saturation and permeability is useful in defining abnormally pressured zones, hydrocarbon reserves estimates, and reservoir bed thickness and in distinguishing between gas, oil and water bearing strata by observing their electrical resistivity and relative permeability values (Hilchie, 1990; Schlumberger, 1996; Uguru et al., 2002) . However, porosity and permeability are the main petrophysical properties of reservoir rocks that have vital impact on the evaluation processes at all stages.
This research is geared towards maximizing hydrocarbon recovery from reservoirs, ensuring consistent reservoir description by accurate prediction of porosity and permeability regimes which helps in optimal well placement.
Location and Geology of the Study Area
The Nembe Creek Field is located in the Coastal Swamp depobelt (Oil Mining License 29) of the Cenozoic Tertiary Niger Delta Basin (Figure 1 ). Sediment deposition in this area started in early Miocene times and the sedimentary package is comprised of the basal holomarine shales (Akata Formation), the coastal plain sand-shale alternations (Agbada Formation), and coastal plain sands (Benin Formation) being the youngest stratigraphic unit at the shallower part of the basin. This succession is linked to the palaeo Niger and Benue system (Allen, 1965) .
The Nembe Creek Field reservoir is in the middle Miocene deltaic sandstone-shale sequence. The structure is dissected by numerous growth faults steeping upwards. The shallow sandstone reservoirs are faulted such that spill points are generated at remarkable uniform depths resulting in similarity of fluid contact depth. A transgressive shale formation overlay the reservoir, which makes up the caprock (Nelson, 1980 
II. Methodology
Porosity and permeability regimes are evaluated by digitizing and correlating gamma ray, resistivity, and density logs from Nembe wells 01, 02 and 03 using Rokdoc software.
Lithology Delineation and Hydrocarbon-bearing Zones
Gamma ray (GR) log was digitized to define the lithologies of interest (sand and shale units). A combination of GR log and induction resistivity logs were analyzed to delineate the hydrocarbon-bearing (sand) zones. Zones of possible oil accumulations are indicated by high resistivity values whereas water zones have low resistivity values. Similar sand zones from the three wells were correlated ( Figure 2 ). The fluid type occurring within the pore volume of the reservoirs was further ascertained using the Neutron-Density logs cross-plot. Gas zones were identified from the "balloon effect".
Determination of Volume of Shale
To determine the volume of shale, the gamma ray index I GR was calculated applying the Equation (Schlumberger, 1996) :
Where I GR = gamma ray index; GR log = gamma ray reading of the Formation; GR min = minimum gamma ray reading (sand baseline); GR max = maximum Gamma ray reading (shale baseline)
The volume of shale for tertiary rocks was then computed using the Equation (Larionov, 1969) .
Where: V sh is the percentage of shale in the Formation.
Net/Gross Reservoir Thickness
The gross reservoir thickness, H was determined by picking the tops and bases of the reservoir sands across the wells ( Figure 2 ). Shale thickness, h shale within the reservoir sands was obtained by defining shale and sand baselines respectively on the Gamma ray log. The net reservoir thickness, h was determined from the gross reservoir thickness as follows:
The net-to-gross thickness was obtained thus:
Determination of Total Porosity
Porosity, the ratio of pore volume in a Formation to its total volume, was calculated from density log using the equation (Dresser, 1979) :
Where: ρ ma = Matrix density which is taken to be 2.65g/cc for sandstones; ρ b = Bulk density determined directly from the log; ρ f = Fluid density which is taken to be 1 for water and 0.87 for oil. 
Where: ϕ eff = effective porosity; ϕ T = total porosity; ϕ sh = log reading in a shale zone, V sh = volume of shale
Computation of Permeability
Permeability, the petrophysical property that indicates the ability of fluids to flow through rocks, is measured in darcies (D) or millidarcies (mD). Permeability was calculated from the equation: 2 3 250
Where: S wirr = Irreducible water saturation determined by:
The Formation factor was determined by Archie (1942) 
Where: ϕ = porosity; a = Tortuosity taken as 0.62; m = cementation exponent taken as 2 for sands.
Determination of Water and Hydrocarbon Saturations
The water saturation, S w for the uninvaded zone was determined using the equation by Archie, 1942 
Where: S w = water saturation of the uninvaded zone; R w = Resistivity of the interstitial water; R t = True resistivity of the formation; n = saturation exponent taken as 2.
Hydrocarbon saturation, S h was computed using: Figure 2 shows Gamma ray, Resistivity (LLD), Neutron and Density logs for wells NEMBE 01, NEMBE 02 and NEMBE 03 used in this study. It also shows that three reservoirs were delineated for wells NEMBE 01 and 02 respectively while two reservoirs only were delineated for well NEMBE 03. The depth and thickness of the top and base of the identified reservoirs are shown in Table 1 . These wells display a shale/sand/shale sequence which is characteristic of the Niger Delta Formation (Avbovbo, 1978) . Shale lithologies are defined by the high gamma ray values deflecting towards increasing API values and resistivity to the opposite direction due to high conductivity of the Formation. Zones showing low gamma ray, high resistivity, and low acoustic impedance are interpreted as sand lithologies which constitute the main hydrocarbon reservoir source rocks in the Niger Delta (Evamy et al., 1978) . Table 2 shows the digitized and computed typical petrophysical parameters from logs within RESERV 1 in well NEMBE 01 among others. The average properties are shown in Tables 3 to 5 . The results show that eight zones of interest (sand bodies) were identified as potential hydrocarbon reservoirs in the three wells. The average porosity of reservoir sands ranged from 29 to 45%. Their average permeability values within these reservoirs range from 2200 to 5789mD. Hydrocarbon saturation was high in all the reservoir sands, ranging from 64 to 81%., with corresponding water saturation from 36 to19 %. Table 6 is a summary of the petrophysical parameters of well NEMBE 01 which was delineated to contain three hydrocarbon-bearing reservoirs with porosity ranging from 0.25 to 0.30 and permeability from 2200 to 2804mD. This also illustrates that both porosity and water saturation decreases with an increasing depth. Similarly, well NEMBE 02 was delineated to contain three hydrocarbon bearing reservoirs which have porosities ranging from 0.35 to 0.45 and permeability from 3691 to 5789mD. More so well NEMBE 03 was delineated to have two hydrocarbon bearing reservoirs. NEMBE 03 has porosity ranging from 0.29 to 0.33 and permeability from 2677 to 3136mD.
III. Results And Discussion

Lithology Identification
Petrophysical Properties
Porosity Trend
The trend in Figures 3, 4 and 5 among others show that porosity decreases as the depth increases in all the reservoirs except for reserve 1 of NEMBE 01 where the trend tends to slightly increase with increase in depth. This is as a result of low compaction or more interconnected pore spaces in the reservoir. 
Porosity-Permeability Cross-Plot
Permeability is related to porosity but not always dependent on it. It is controlled by the connected passages of the pores space (pore throats). The cross-plot of permeability against porosity indicates a linear increase of permeability with porosity ( Figure 9 ) which is an indication that the reservoirs are highly porous. Figure 10 is a clustered-column bar chart showing some reservoir properties for the reservoirs of interest in the three wells. The chart shows total porosity (BLUE), effective porosity (RED), and hydrocarbon saturation (GREEN). Hydrocarbon saturation was high in all the reservoir sands, ranging from 64% to 81%, with corresponding water saturation from 36 to 19%. Figure 11 is a bar chart displaying the different permeabilities of the reservoirs. 
IV. Conclusion And Recommendation
The three wells investigated reveal eight reservoirs consisting of sandstones and shaly-sands in alternating sequence. Porosity, permeability, hydrocarbon saturation, reservoir thickness (pay zone) and volume of shale were estimated in order to characterize the reservoirs" potential of this field. In all the wells, it was observed that high porosity corresponds to high permeability. Reserv 1 of NEMBE 02 has the highest porosity value of 45% which is very good to excellent (Rider, 1986 ) and the highest permeability value of 5789 mD which was also excellent (Rider, 1986) . It can be concluded from the results that NEMBE 02 reservoirs are more prolific than NEMBE 01 & 03 in terms of hydrocarbon prospectivity.
A quick look evaluation through porosity-depth, permeability-depth and permeability-porosity crossplots generally reveals decrease in porosity and permeability with depth due to increase in compaction with depth of burial of materials. Permeability was also noticed to increase with increasing porosity which is in agreement with the results of previous researches in Niger Delta. Further research should be conducted with geostatistical and other geoscientific techniques employing more wells, core and seismic data for unbiased estimation of the petrophysical parameters in this field. With more data, the results can be verified and uncertainties reduced.
